ABSTRACT: Globalization and internationalization of higher education around the world is "forcing" many universities and colleges from non-English speaking countries to offer a significant part of their educational programs in English. The main motivation to do so is partly to successfully implement student exchange programs such as the European Erasmus Program, and partly to attract "fee-paying free-moving" students from abroad. A third long-term reason to teach in English is to educate young pre-professionals for the global market. However, the adaptation of technical courses from national languages to English cannot be done overnight. On the contrary, this process demands time-consuming preparations that typically involve the expansion of background references and careful planning. In addition, the English skills of course instructors must assure the effective transmission of information, and very often professors face certain difficulties and uncomfortable limitations. Generally speaking, instructing in a foreign language results in less "colourful" expressions. Recent investigations conducted in Sweden on higher education show that teaching efficiency is inferior for courses taught in English when compared with the same courses given in Swedish. This paper deals with various experiences related to the process of changing the language of instruction from Swedish to English in three Machine Design courses taught at Linnaeus University.
INTRODUCTION
The advent of new technologies in the field of transportation and communications has "shrunk" the world to a small place. Nowadays, it is very easy to communicate with people around the world. The use of emails and cellular phones, for example, has allowed people on almost any place on the earth to come in contact at any time. It is also possible to reach any continent within a day. But international communications need a common "international" language, which today is English. If multinational corporations and businesses are the "locomotive" of the internationalization "train", higher education is one of the "wagons" in the front. Universities and colleges have a long tradition of international collaborations and scientific exchange with educators and researchers based in other countries. However, not until the last decades has internationalization reached a worldwide scope within higher education institutions. In the end of 1900s it was the mobility of faculty which was emphasized the most. Today, it comprehends all the activities that contribute to the international dimension of education [1] .
The practical globalization of higher education has many purposes depending on any country or university. According to the Swedish Government Bill 2004/05:162 [1] , the following points on the internationalization of higher education in Sweden should be taken into account:
• It contributes to strengthen the quality of education.
• International cooperation may contribute to acquire new perspectives in higher education.
• The internationalization of higher education also contributes to the promotion of understanding and respect for other manners, cultures and traditions, as well as for international solidarity.
• The education politics within the European Union has clearly become a part of the work towards a sustainable growth, more numbers of vacant jobs and an increased social unity.
It is also worth mentioning that according to the Swedish Higher Education Law, "The universities should in their activities promote understanding for other countries and for the international relations" [2] . There are, of course, other reasons behind the globalization and internationalization of higher education; some of them belong to such a noble feeling as the statement "Globalization has also opened a window on cosmopolitanism for universities, which have been too imprisoned in their national context. One of the logics of globalization -democratization-has been an important dimension to the extension of higher education world-wide" [3] . Other further reasons for globalization are, of course, the global market, international finances, and macro economy.
Different types of EU-funded projects providing economical support for the exchange of students and teachers, either inside or outside the member states of the European Union, has contributed to the internationalization of higher education by encouraging English as a teaching language. Such policies have allowed the mobility of students from less wealthy countries.
English as instruction language
Rather than explaining the purposes behind the internationalisation of higher education, the main aim of this article is to present a set of personal experiences encountered along the process of shifting the instruction language, from Swedish to English, in Machine Design courses given for a bachelor degree in Mechanical Engineering. Since English is the main international communication language of today, it plays one of the most fundamental roles in internationalization. However, shifting from one language to another is not an easy task. It needs long-time preparations and overcoming initial difficulties at the beginning of the process.
The homogenization of the European higher education system through the Bologna agreement, in combination with European mobility exchange programs like Erasmus, have greatly contributed to the internationalization of higher education, and consequently to shift teaching from national languages to English in many colleges and universities around Europe. It is quite natural and helpful for the students to use a common teaching language in exchange programs as well as to educate future engineers for the European (and international) labour market.
This paper was originally motivated by a debate article in the magazine "Univesitesläraren", published by the Swedish University Teacher Union [4] . The author of the article states that teaching efficiency in Swedish higher education when teaching in English is about 70% of that achieved when teaching in Swedish. The reasons for that, according to Regnéll, rest in the fact that instructors and students generally possess a better command of Swedish than English. My own experiences are in total agreement; my teaching efficiency diminishes when the teaching language changes from Swedish to English. Unfortunately, the author does not explain how a teaching efficiency of 70% was measured. According to my own experience, it is not possible to quantify teaching efficiency with a plain number. Another side effect of teaching in English is that the discourse becomes less colourful, as English vocabulary is often more limited for non-natives. Some of the students involved in English-taught lectures face serious communication problems with the course instructor, especially during the lectures, although most of the students become familiar with English after attending several courses in English. There are also some communication difficulties in the beginning of the courses between program and exchange students. This is caused by the appearance of strong accents and incorrect grammatical uses, but these kind of problems are usually temporary.
The discussion so far has focused on the language itself, but in order to change the language of instruction in a regular engineering course, the basic literature for the course must also be changed to English. An essential problem to account for in the field of engineering is the application of technical standards. Course references in national languages are usually based on national standards. For example, the Swedish Standard for dimensioning and design gears [5] is significantly different from the American Standard AGMA (American Gear Manufacturers Association) [6] . Most of the English literature in the field of machine design/machine elements has been published in the USA, and obviously based on American standards.
Since the driving force to adopt English as teaching language is the attraction of exchange students and free movers to the courses, there will normally be a mix of students from different backgrounds and teaching traditions. There exist significant differences in educational systems from country to country, and sometimes from institution to institution. For example, there are exchange students who have never worked in group projects in their home institution, and therefore may find initial difficulties to cooperate with other students in project-based courses. This problem has been further discussed in a different conference paper [7] . In addition to all the obstacles encountered in the process of changing the language of instruction into English, it is very necessary to deliver some courses in English in each higher education program. That is partly to facilitate the exchange of students and teachers, and partly to give a chance to those students not participating in exchange programs to receive some teaching in English and come in contact with international students. This is called "Internationalization at home" [2] .
Overall, the advantages of student exchange programs are of greater value than the disadvantages of changing the instruction language of courses. There are always changes of paradigms in higher education, and both students and instructors usually need to face problems and consider new possibilities. It is very important to focus on the new opportunities offered and find solutions to the problems encountered rather than grumbling on difficulties. The following sections describe several solutions to the problems encountered when changing the language of instruction from Swedish to English in machine design courses.
TEACHING MACHINE DESIGN IN ENGLISH
It is not encouraging to change the language of course instruction when you have taught your courses in your native language for many years, especially if you have gathered useful textbooks, good lecturing material, and the appropriate exercises with solutions. To change the teaching language in a situation like this, it is necessary either an order directly sent from the top of the organization, or a strong interest and enthusiasm to find the energy to start the entire procedure of shifting the course language. In my case, the latter reason was the true one. The multiple possibilities of teaching abroad through the Erasmus and other exchange programs were a good drive to teach in English. After participating in a number of teaching exchanges, there was enough material developed to switch the teaching language of one of my traditional engineering courses, in this case Machine Design II. After that experience in which the course was taught several times, a teaching model called "Teaching in action" was developed. "Teaching in action" is a phrase used here as shorthand for the observable activities related to these ways of thinking that may be described as teaching in higher education -such as relationships with students, the time devoted to preparation and course development, marking and feedback, evaluation of one's performance, and so on [8] , as depicted in figure 1 . 
Machine Design II
The specific contents of Machine Design II at Linnaeus University are: gears and gear transmissions, belt transmissions, chain transmission, rolling element bearings, shafts, and seals and other related parts. The course is a combination of project-based and lecture-based teaching, which in practice means that students have to undertake a transmission project, usually a combination drive as that shown in figure 2 . The project is the core of the course, but a big number of lectures introducing the fundamentals of machine design are planned to help the students with the projects.
A compendium of Swedish standards, company catalogues, and other sources of practical data was especially prepared to be used in parallel with the recommended course textbook ( figure 3 ). The materials included in the compendium mentioned above are not fully complete; the idea is to enlarge it with the material given during the lectures. To avoid copying cumbersome equations from the blackboard, the lecturer uses a collection of slides included in the students' compendia. These slides are incomplete to allow the lecturer filling them up along the lecture explanations. The experience accumulated over the past years proves that this method has been very successful because of the following reasons:
• The supporting material presented in the slides has resulted very helpful for teaching in English.
• The especially prepared (but not completed) figures and texts on the slides save a lot of time and hence improve the teaching efficiency when changing the teaching language to English.
• The need of completing the lecture materials during each session makes the students become active during the lectures. This leads to significant differences with slide presentations where everything is prepared beforehand and the students only have to listen to the lecturer (passive situation). Bonwell and Eison (1991) provide a definition of active learning as "anything that involves students in doing things and thinking about the things they are doing" [9] .
• Students know exactly what they have missed when they are absent from one or a number of lectures. They can easily catch up with the help of their classmates and the material provided in the compendium. Figure 4 shows an example of an incomplete drawing included in the gear compendia. The schematic on the left side consists of various figures without any explanation or label. The rightside version has been completed during the lecture and therefore includes explanations and mathematical equations. This procedure is an effective way to explain the mathematical background of the equations of rolling circles, mainly when compared with the straight application of the equations of pitch circles in gears. 
Machine Design I and Machine Design III
Encouraged by the successful results of teaching Machine Design II (MD II) in English, and motivated by the positive response of the students measured through course evaluations, two new courses in mechanical engineering were adapted to English: Machine Design I (MD I) and Machine Design III (MD III). Apart from the improvement of the instructor's skills as a consequence of teaching MD II in English, the opportunity of teaching abroad given by exchange programs helped in the preparation of the material for the new courses. The philosophy followed in the design of the new courses was exactly the same used in MD II, therefore lecture notes were distributed in compendia and completed in class according to the instructor directions. MD I contains the fundamentals of Machine Design and does not depend on technical standards in the way MD II does; therefore, less extra material is required to complement the class textbook. Yet, the same teaching methodology based on carefully prepared, uncompleted transparencies, is used during the lectures. This approach turned out to be a successful and efficient method to transmit the basics of machine design. This elementary course is based on lectures and exercises in parallel with a small industrial project, with a final exam at the end of the course. A generic handbook covering fundamental information of machine design (equations, tables, diagrams, etc.) has been developed to be used in the three MD courses during the exams and design projects. Figure 5 shows the course textbook, lecture notes, and the handbook used in Machine Design I. The theoretical part of the course Machine Design III is prepared and accomplished in the same way as MD I. Besides theory, exercises, and exams, there is a machine design project to be carried out by the students working in groups. The project contains a theoretical part where dimensioning and design is required, and a practical part where the previously designed and calculated objects are actually manufactured according to the proposed design. This activity trains the students on new ways of thinking where the whole process of creating a product is considered, from planning and design to manufacturing and testing.
Eventually, all the students get used to technical English, especially keywords used in the area of machine design, through the three courses developed. However, given that the majority of Mechanical Engineering courses are taught in Swedish, students do not get used to English terms in the field of manufacturing and production, and as a result they end up facing communication problems when working with MD III projects. They typically ignore the English names of basic tools, machines, and processes, which in the end results in communication difficulties with group members and technicians. Overall, these linguistic problems do not lead to serious consequences, and the majority of the students manage their projects very well. Figure 6 shows the results of one of MD III projects, where the commanded task was the design and manufacture of novel types of Human Powered Vehicles (HPV). Figure 6 . Example of projects for MD III.
CONCLUSION
As shown in this paper, switching the course instruction language from native languages to English is not a trivial task, especially when lecturers do not have previous experience teaching or studying in English. Teaching quality and delivery efficiency not only depend on the linguistic skills of lecturers; they are also influenced by the comprehensive ability of the students. Due to the fact that English-taught classes typically comprise exchange students from different countries and continents, oral skills and English pronunciation are very variable. A relevant fact that has not been mentioned so far is that students attending certain subjects in English necessarily miss the corresponding terminology in their own language. In addition, more time is required to study a text in English than that needed to cover the same material in the own language.
In spite of all the difficulties faced up and the time demands involved in English teaching, both instructors and students highly benefit from such a rewarding experience, and consequently it is definitely recommended to teach some courses in English within engineering programs. On the whole, the benefits and advantages are much higher than the disadvantages. Furthermore, in addition to all the advantages mentioned above, English courses tend to attract students from the entire world, which results in economical benefits for universities as a result of fee-paying visitors.
There are many ways to start the process of changing course instruction languages to English. A smooth way to do it is by participating in teaching exchange programs. Hopefully, the experiences presented in this article will encourage and help professors and lecturers to switch their teaching to English.
